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Collective cell migration is a phenomenon that occurs across a whole spectrum of biology, ranging from tumor
metastasis to embryogenesis. The cranial neural crest (NC) provides a useful model for studying many of the mech-
anisms and dynamics of collective migration. It has been observed experimentally, and proposed in silico, that NC
cells can be categorized into leading and following subpopulations. Leaders and followers are characterized by dis-
tinct gene expression profiles. During the course of development, cranial NC cells split off the neural tube into sep-
arate migratory streams, which contain relatively ordered leader and follower cells. However, the precise mecha-
nism by which these multicellular streams are created and maintained remains unknown. Our work aims to con-
struct an off-lattice, individual-based ordinary differential equation model to allow for multiple interaction modes
while leaving open the origins of these interactions. We develop and apply a modelling framework based on the
Cucker-Smale model to investigate the potential of velocity alignment processes to generate the types of stream-
ing behavior observed in vivo. Our results lend support to the recently proposed idea that leader cells engage in
tunneling behavior, which carves out tracks for follower cells to later enter. Furthermore, our success in applying
a Cucker-Smale –like model leaves open the possibility of applying the large body of analytical work on velocity
alignment processes to the neural crest system.
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